It is well known that after systemic injection of lipopolysaccharide (LPS), sensitive tumors undergo progressive hemorrhage and necrosis, leading in some cases to total tumor regression (Algire et al. 1952) . A mediator molecule in this phenomenon, termed tumor necrosis factor (TNF), was found by Carswell et al. (1975) in the sera of endotoxin-treated mice that had been presensitized with B. C.G. or Corynebacterium parvum.
For the production of TNF, both priming agents and eliciting agents are necessary (Carswell et al. 1975 ; Butler et al. 1978) . The LPS which is used as an eliciting agent has a lethal effect in the host. If the non-toxic portion of LPS displays eliciting activity for TNF production, TNF could be produced in tumorbearing hosts. Previously, Butler et al. (1978) reported in their passive transfer experiments conducted with post-endotoxin serum, that a nonspecific resistant factor against TA3-Ha ascites tumor can be induced not only by LPS but also by its non-toxic polysaccharide-rich subfraction. In the present study, lipid A and
polysaccharide-rich fraction were tested for the production of TNF. LPS induced hemorrhagic necrosis which was similar to that observed with TNF. After several purification steps, TNF displays no toxicity and no detectable amounts of LPS and other biological active substances (Oettgen et al. 1980 ). Polymixin B is known to bind to the lipid A moiety of LPS and to inhibit some of the biological activities of LPS such as endotoxin-induced death and the generalized Schwartzman reaction (Rifkind 1967; Rifkind and Hill 1967 ; Morrison and Jacobs 1976). We therefore examined whether or not polymixin B inhibits the antitumor activity of TNF by interaction with TNS (serum containing TNF ). Galactosamine is known to increase the susceptibility to the lethal effects of endotoxin (Galanos et al. 1979 ). The influence against the antitumor activity of TNF following galactosamine treatment was also tested to elucidate the differences between LPS and TNF.
MATERIALS AND METHODS

Animals
DDY strain, 5 to 6 weeks old female mice (Shizudokyo, Shizuoka, Japan) were used for TNF production.
Balb/c strain, 5 to 6 weeks old female (Shizudokyo, Shizuoka, Japan) were used for the in vivo TNF assay system by Meth A sarcoma transplantation.
C3H/ Helms mice (Animal Facility in our institute) were employed for comparison of the antitumor activity of TNF and LPS against transplanted MM46 tumor.
Cell lines L(S) cells, a TNF-sensitive line of mouse fibroblast L cells, were used for in vitro TNF assay. L(R) cells, a TNF-resistant and interferon sensitive line of L cells, were employed as a negative control.
Meth A sarcoma cells, of Balb/c origin, were used for in vivo TNF assay. MM46, a mammary tumor of mice, was employed for in vivo antitumor activity test of both TNF and LPS.
Production and purification of TNF A suspension of Propionibacterium acnes (P. aches) vaccine (formalin killed, 1 mg/ml, self-made) was injected intraperitoneally to prime the animals. Nine days later, LPS (LPS of Escherichia coli 0111: B4 W, purchased from Difco Lab., Detroit, Michigan, USA) or its subcomponents were injected intravenously. Two hours later, blood was collected from the postorbital venous plexus. Approximately 2 x 104 fold purified TNF was used for in vivo treatment, it was purified by Haranaka's method (1982) .
In vitro TNF assay
Serially diluted test samples (serum containing TNF prepared by the above procedure) and 2 X 105 L(S) cells were mixed in 200 jcl of Earle's MEM containing 10% heat-inactivated FBS supplemented with 10 mM HEPES and incubated for 48 hours at 37°C in a 5% C02-atmosphere. After being drawn out of the medium, cells were fixed with methanol and stained with 0.05° methylene blue. The dye was extracted from the cells with 3° HC1, the optical density at 665 nm was measured with Titertek multiscan spectrophotometer (Flow Lab., Virginia, USA) and the 50% cytotoxicity was assessed (DF ; dilution factor). L(R) cells were incubated in the same manner as above for neglecting other contaminating biological active substances.
In vivo TNF assay Frist, 5 X 105 Meth A sarcoma cells were injected intradermally into Balb/c mice. Seven days after the transplantation, 0.5 ml of test sample was injected intravenously and the degree of tumor necrosis was assessed 24 hours later as follows : grade( -), no changes ; grade( + ), slight necrosis ; grade( -ft-), moderate necrosis (central necrosis extending over approximately 50 O of the tumor surface) ; and grade ( * ), extensive necrosis (massive necrosis leaving at most only a small rim of viable tumor tissue).
Alkaline and acid hydrolysis of LPS Alkaline-hydrolyzed LPS (LPS-OH) was prepared by the hydrolysis of 5 mg of LPS in 10 ml of 0.5 N NaOH for 30 minutes at 56°C. The hydrolyzate was neutralized with 0.5 N HC1 and dialyzed against physiological saline. Mild acid hydrolysis was conducted by incubating 20 mg of LPS in 10 pl of 20 mM sodium acetate buffer (pH 4.5) for 30 minutes at 100°C or with 0.5 N HC1 for 30 minutes at 100°C. The hydrolyzate was neutralized with 0.5 N NaOH and then dialyzed against physiological saline. The neutralized hydrolyzate was centrifuged at 1.0 x 105 g for th minutes to separate it into lipid A-enriched precipitate and polysaccharide-rich supernatant fractions. The resultant lipid A-rich precipitate was solubilized with saline using a small quantity of triethylamine for evaluation of the TNF-inducing activity~l4). For the experiments illustrated below in Fig. 4 , the lipid A-containing solution was further defatted with 5 volumes of chloroform/ethanol (2: 1) three times. After discarding the aqueous phase, which contained polysaccharide, the lipid A was recovered from the organic phase by drying in a rotary evaporator under reduced pressure. The lipid A so purified was used as free lipid A and conjugated with mouse serum albumin (MSA) by the method described by Galanos et al. (1972) and Rietschel et al. (1973) .
Quantitative determination of phosphate and 2-keto-deoxyoctonate (KDO)
Quantitative determination of inorganic phosphate was performed according to the procedure described by Lowry et al. (1954) . The phosphate was used as a marker of lipid A. The KDO content was deternmined by the thiobarbituric acid method (Waravdekar and Saslaw 1959) . Absence of KDO indicated that the lipid A preparation was free of polysaccharide.
Treatment with polymixin B
Polymixin B was product of Sigma Chemical Co., Ltd., St. Louis, Missouri, USA. Polymixin B and LPS or TNF were mixed and incubated at 37°C for 30 minutes. Free polymixin B was dialyzed against physiological saline.
In vitro cytotoxicity tests L(S) cells, L(R) cells, and
Meth A sarcoma cells were tested for their in vitro cytotoxicity by TNF (5,000 DF) or LPS (100,ug). Materials preincubated with polymixin B were examined at the same dilution.
Antitumor activity of TNF or LPS against marine tumor cells
Five million Meth A or MM46 cells were implanted subcutaneously into the flanks of recipient mice. TNF was given intratumor and various doses of LPS were injected intratumorly at 7 days after the tumor implantation.
Inhibition of tumor-necrotizing action with polymixin B TNF or LPS was preincubated with polymixin B (weight ratio of TNF or LPS to polymixin B, 5 : 1), and dialyzed against physiological saline to eliminate free polymixin B. The resultant samples were injected intratumorly at 7 days after Meth A sarcoma transplantation.
Effect of galactosamine on the susceptibility to LPS or TNF D-Galactosamine hydrochloride (7.5 mg mouse), purchased from Sigma Chemical Co., was injected intraperitoneally together with LPS or TNF into Meth A sarcoma-bearing mice.
RESULTS
Alkaline and acid hydrolysis of LPS
The TNF-inducing activity of alkaline-defatted LPS (LPS-OH) was considerably lower than that of intact LPS, although an increased amount of LPS-OH was still capable of producing TNF (Fig. 1) .
After mild acid hydrolysis of LPS using 20 mM sodium acetate buffer and centrifugation of the hydrolyzate, most of the TNF-inducing activity was recovered in the precipitate fraction co-fractionated with lipid A. On the other hand, activity was barely found in the supernatnat fraction which contained mainly polysaccharide derivatives of LPS (Fig. 2) . The different dose-responses in TNF-inducing ability among the free lipid A fraction, lipid A-MSA complex, and polysaccharide-rich fraction are shown in Fig. 3 .
One hundred p g of free lipid A per mouse alone did induce a considerable amount of TNF but was less effective than intact LPS. However, the TNF- The dose was determined on the basis of the dose of intact LPS per mouse. The schedule of TNF production and measurement of TNF activity were as described in Fig. l (n = 6, *p < 0.01) The polysaccharide-rich fraction (PS) was obtained by neutralizing the supernatant of the hydrolyzate. Purified lipid A and mouse serum albumin (MSA) were mixed and evaporated to form lipid A-MSA complex. The procedure of TNF production and determination of TNF activity were as described in Fig. 1 Effect of polymixin B on TNF production The examination was performed to know whether or not polymixin B inhibits the induction of TNF by interacting with LPS. As shown in Fig. 4 , the TNFinducing activity of LPS was almost completely abrogated when 10 1u g of LPS was preincubated with more than 40,ug of polymixin B. Furthermore, at doses below 40 ,u g, TNF production was partially blocked.
In vitro cytotoxicity tests TNF revealed cytotoxicity in vitro against L(S) cells and Meth A cells. This cytotoxicity could not be abrogated by preincubation with polymixin B. TNF did not display cytotoxicity against L(R) cells. LPS had no cytotoxicity against any of these cell types (Table 1) .
Antitumor activity of TNF against murine mammary tumor At 24 hours after intratumor administration of TNF, the major part of the tumor graft was destroyed. Intratumor injection of 50 jig of LPS alone revealed tumor necrosis, although this necrosis was superficial, leaving a broad peripheral rim of viable tumor tissue. Large amounts of LPS injection led to a retardation Fig . 4 . Effect of polymixin B on the TNFinducing activity of LPS. LPS and polymixin B were incubated at 37°C for 30 min at various concentrations. After incubation, the resultant mixtures were dialyzed against distilled physiological saline and injected intravenously into the tail vein of P. acnes-primed mice. The TNF activity was measured as described in Fig. 1 . (n = 6, *p <0.ol) Lipid A in TNF production and antitumor activity 391
of tumor growth but failed to induce complete regression. Intravenous administration of LPS induced endotoxin shock and death, so that intratumor injection was selected (Fig. 5) . On macroscopic observation, the differences in necrosis were clear. With TNF administration, decrement of the tumor diameter, deeply invasive ulcer with a black crust, as well as complete regression of the tumor were observed. In contrast, with LPS injection, there was no decrement of the tumor diameter and a very shallow ulcer alone was observed. 5 . Antitumor activity of TNF or LPS against murine mammary tumor.
Two million MM 46 cells were implanted subcutaneously. TNF and several doses of LPS were injected intratumorly at 7 days after tumor implantation. Estimates of the tumor weight were obtained from the linear dimensions using the formula W=(a2 xb)/2-(na2 xnb)/2, where a is the width in mm, b is the length in mm, na is the width of necrosis and nb is the length of necrosis. The relative tumor weight at different times was obtained using the formula RW = Wi/WO, where Wi is the mean tumor weight of a group at any given time and WO is the initial mean tumor weight of that group. DF*, dilution factor. et al.
Inhibition of tumor-necrotizing action with polymixin B
TNF showed extensive necrosis of grade (*) at 5,000 DF. This activity could not be abrogated by preincubation with polymixin B (Table 2) .
Effect of galactosamine on the susceptibility to TNF or LPS
Even if D-galactosamine hydrochloride was injected together with TNF, susceptibility to the lethal effects could not be observed. When D-galactosamine hydrochloride was injected together with LPS, 10 jig or l jig per mouse of LPS revealed lethal effects and tumor necrosis could not observed in Meth A-bearing mice (Table 3) .
DISCUSSION
There are several important points to be considered when attempting in vivo TNF production. Dual stimulation steps are prerequisites for successful TNF induction. In general, B.C.G. or P. aches has been used as the first stimulator in mice and LPS at the second with an interval of more than one week. Hepatos- Effect of galactosamine on the susceptibility of TNF or LPS plenomegaly is generally observed in mice treated with one of the first stimulating agents and provides a good indication that the mice are producing high TNF titers (Butler et al. 1978 ; Satomi et al. 1981 ). However, a genetic predisposition to LPS sensitivity (Mannel et al. 1979 ), especially after the mice have received the first stimulator, seems to be a more important factor deciding the fate of the subsequent TNF production (Suter et al. 1958 ). The strain of mice is also an important factor in TNF production ). The DDY strain mice employed in these experiments were highly sensitive to LPS after the first stimulation. The initial LPS level of LD50 was higher than 1 mg/mouse and the value decreased to around 10,ug/mouse at 9 days after P. genes injection (data not shown).
In the present study, the part of the LPS that is essential for TNF production was determined. As mentioned above, Butler et al. (1978) reported that antitumor factor in post-endotoxin serum can be induced not only by LIPS but also by its non-toxic polysaccharide-rich subfration.
Alkaline hydrolysis of LPS, which cleaves the ester bond and releases fatty acid from the lipid A moiety of LPS without affecting the polysaccharide moiety such as 0-antigen (Nowotny et al. 1975 ), decreased the TNF-inducing activity of LPS. This indicates that polysaccharide cannot be used to replace LPS (Fig, 1) . The results thus demonstrated that the lipid A moiety is more vital to TNF production than polysaccharide.
In contrast, mild acid treatment of LPS splits it into polysaccharide and lipid A moieties, of which the lipid A moiety can be recovered as a precipitate by centrifugation.
The experiments shown in Fig. 2 clearly demonstrated that the TNF-inducing activity was co-fractionated with lipid A in the precipitated fraction. Further examination of the TNF-inducing activity of both the polysaccharide and lipid A after 0.5 N HCl hydrolysis of LPS and of lipid A-MSA complex, also confirmed the above results and suggested that for maximal expression of activity, lipid A should be present as a complex with higher molecular weight carrier as it is in intact LPS (Fig. 3) .
Experiments with polymixin B also supported the above conclusions. Blocking the lipid A moiety largely abrogated TNF induction of LPS (Fig. 4) .
The results of the present study thus strongly indicate that the lipid A represents the main component of LPS responsible for the induction of TNF in vivo.
TNF so produced has a direct tumor cell cytotoxicity in vitro and reveals antitumor activity in vivo (Carswell et al. 1975 ; Old 1976; Haranaka and Satomi 1981) . In an in vivo system against a transplanted tumor, the action of TNF is similar to that of LPS. We therefore examined the differences in activity between TNF and LPS. Oettgen et al. (1980) reported the effects of LPS and TNF on immunologic reactions in vitro. TNF has striking effects on immune reactions in vivo, some of which mimic LPS activity, and some of which are distinct. TNF also shows a striking antitumor effect in vivo . The tumor necrosis induced with TNF was similar to the acute hemorrhagic necrosis of tumors induced with LPS. In the present study, we clarified the differences between TNF and LPS using experimental animals by inhibition of the antitumor activity with polymixin B or from the influence against the lethal effects with galactosamine. In our recent study, the antitumor activity of murine TNF against 8 murine and 5 human tumors were examined in vivo. Murine TNF was found to be active against all the murine and human tumors tested ). MM 46-bearing recipients received 5 x 103 or 1 X 104 DF of TNF, and 50 ,u g,10 ,u g,1,u g, or 0.1,u g of LPS in order to compare the antitumor activities (Fig.  5) . Following injection of TNF or 50 pg of LPS, tumor necrosis was observed. However, the necrosis produced by LPS was shallow and different from that produced by TNF on macroscopic examination. To clarify this point further, polymixin B and D-galactosamine were used. Polymixin B is well known to inhibit the generalized Schwartzman reaction (Rifkind and Hill 1967) . Preincubation of TNF with polymixin B exerted no influence on the antitumor activity of TNF. Preincubation of LPS with polymixin B completely abrogated the antitumor activity of LPS and tumor necrosis did not occur (Tables 1 and 2 ).
The binding site of polymixin B to LPS is known to be the lipid A portion (Morrison and Jacobs 1976) . This strongly suggests that the major part of the antitumor activity of TNF is different from lipid A. Galanos et al. (1979) reported that the treatment of animals with Dgalactosamine increased their sensitivity to the lethal effects of LPS several thousand fold. Based on our results, TNF itself does not have any toxicity to the recipient animal after several steps of purification. If the antitumor activity of TNF is induced by the contaminating LPS (Weinberg 1981) , injection of Dgalactosamine together with TNF would induce susceptibility to the lethal effects (Galanos et al. 1979) . LPS injected with D-galactosamine, even at 1,ug per mouse, leads to death of the mice. In contrast, there was no induction of susceptibility nor influence against tumor necrosis following injection of Dgalactosamine with TNF (Table 3) . These results strongly suggest that TNF differs from LPS and the action of TNF is not caused by contaminating LPS. Green et al. (1977) reported that TNF lacks the sugar-keto-3-deoxyoctonate and the fatty acid 3-D-myristo-myristic which are charateristics of the lipid A moiety of bacterial endotoxin. These results support our findings.
Purification of TNF was successfully performed. The molecular weight of murine TNF was determined as 40,000, which is different from that of LPS (Old 1981) .
TNF is induced by a process which causes general reticuloendothelial hyperplasia. TNS includes a large amount of monokines, as well as lymphokines. The highly purified preparation does not contain lysosomal or nonlysosomal serum enzymes, interferon or prostaglandin E (Oettgen et al. 1980 ). We previously reported that 1;>C 10~ DF/mg of TNF with a molecular weight of 39,000 shows cytotoxicity against murine and human cancer cell lines in vitro . Recently, we observed good antitumor effects in an in vivo system employing the same purified TNF samples. Highly purified TNF revealed an excellent antitumor activity against Meth A sarcoma, Colon 26, Ehrlich, Sarcoma 180, MM 46, MH 134, B 16, Lewis lung, SEKI, HMV-1, KATO-III, and MKN 45 cells (Haranaka et al. 1982) .
TNF posseses unique characteristics such as a lack of species specificity and the ability to discriminate between normal and certain tumor cells in vitro (Ruff and Gifford 1981) . The in vitro cell killing effects of TNF represent the same factor as that causing hemorrhagic necrosis in vivo, since these activities were increased in parallel with the steps of purification (Haranaka et al. 1982) . In contrast, LPS could not be determined by Limulus assay after some steps of purification.
In conclusion, it can be said that lipid A is necessary for the production of TNF but is not essential for the antitumor activity of TNF against tumor cells in vivo and in vitro.
We acknowledge the helpful ad
Research, New York, USA.
